Introduction
Considerably interest exists in the successful application of the modified 1,4,8,11-tetraazacyclotetradecane cyclam, which can be used as models for a protein-metal binding site in biological systems [1] [2] [3] and as selective reagents of metallic ions. [4] [5] [6] The DNA binding of Cr-macrocyclic complexes is an area of great interest and activity, since these cleavage reagents potentially can be used for cancer therapy or as restriction nucleases. [7] [8] [9] In recent years there have been many investigations of the synthesis, structures, and properties of various types of Nfunctionalized tetraaza macrocyclic ligands and their transition metal complexes. [10] [11] [12] In particular, the reactivity of nickel-or cobalt-macrocyclic complexes toward Lewis bases like oxalate has been explored in detail. [13] [14] [15] [16] [17] Eriksen and cowokers recently attempted to characterize the complex formation between carboxylic acids/carboxylates in particular acetic acid/acetate and macrocyclic chromium complexes exemplified by cis complexes of rac -5,5,7,12,12,14- hexamethyl-1,4,8,11-teraazacyclotetradecane (L m = [14] decane) and cyclam. 18 However, much less attention has been given to the synthesis of the corresponding Crmacrocyclic complexes containing auxiliary ligands. 19 In the present study, we describe the preparation and isolation of cis-[Cr( [14] 
} (Scheme 1) and present the Xray structure of the chlorobenzoato complex as well as the elemental and spectra analysis of benzoato and chlorobenzoato complexes. We have taken considerable interest in investigating the crystal structure of the complexes formed by Cr(III) and rac-form, [14] -decane with auxiliary ligands in cis position. These compounds are considered as quite attractive transition metal-macrocyclic complexes containing cis ligands, such as cisplatin, with antitumor activity.
Experimental Section
Measurements. Elemental microanalyses were performed using a LECO CHN-900 analyzer. The electronic absorption spectra of the complexes were acquired in DMF at 25 o C, using a HP model 8453 UV-VIS spectrophotometer. Conductivity measurements were carried out in DMF at 25 ± 1 o C, using an ORION 162 conductivity temperature meter. IR spectra were recorded using KBr pellets on a Bruker FSS66 FT-IR spectrometer. FAB-mass spectra were obtained on a JEOL JMS-700 Mass Spectrometer, using argon (6 kV, 10 mA) as the FAB gas. The accelerating voltage was 10 kV, and glycerol was used as the matrix. The mass spectrometer was operated in positive ion mode and mass spectra were calibrated by Alkali-CsI positive.
Preparation of starting materials. 2 ]ClO 4 suitable for X-ray diffraction study were grown from an acetonitrile : H 2 O (1 : 1) solution of the complex. A pink crystal of complex was mounted on a glass fiber and coated with epoxy resin. The single crystal data for the complex were collected on an Kappa CCD diffractometer equipped with graphite-monochromated Mo Kα radiation (λ = 0.71073 Å). The crystallographic data, conditions for the collection of intensity data, and some features of the structure refinements are listed in Table 1 . The intensity data were corrected for Lorentz and polarization effects. Absorption correction was not made during processing. Of the 7999 unique reflections measured, 7913 were considered to be observed (F > 4σ(F)) and were used in subsequent structure analysis. The structure was solved by the direct method 23 and refined by full-matrix least-squares refinement with use of the SHELXL-97 package program. 24 All non-hydrogen atoms were refined anisotropically. All hydrogen atoms except for the water hydrogen atoms were placed in the calculated positions with isotropic displacement parameters.
Crystallographic data for the structure reported here have been deposited with Cambridge Crystallographic Data Center (Deposition No. CCDC-236172). The data can be Figure 1 . The selected bond distances and angles are listed in Table 2 + shows a distorted octahedral environment, where the chromium(III) ion is coordinated by secondary amines of the macrocycle and by the two carboxylate oxygen atoms of the monodentate pchlorobenzoate ligands in cis positions. The rac-form, [14] decane readily folds to give cis-chromium(III) complexes with the (RRRR, SSSS) sec-NH configuration and two equatorial and one axial methyl substituents on each sixmembered chelate ring. Therefore, two chlorobenzoates are bonded to the chromium(III) by monodentate ligand rather than single chlorobenzoate bonding by bidentate, forming a sterically stable six-coordinate complex. Here, the chlorobenzoate acted as bidentate ligand, forming a four-membered ring, over straining the structure, whereas the two chlorobenzoates function as a monodentate ligand, resulting in a more preferable structure.
The oxygen atoms from the chlorobenzoate ligands and two nitrogen donors (positions of C-methyl group) of the [14] -decane define the equatorial coordination plane (CrN 2 O 2 xy-plane). Hexa-coordination is accomplished via the remaining two nitrogens of macrocyclic ligand (positions of C-dimethyl group) 1. The tetra-aza ligand is folded along the N(2)-Cr-N(4) axis (axial position). This configuration is often referred to as the Bosnich type-V stereochemistry. 25 A similar type of configuration was reported for cis-
. 26 The Cr-N (secondary amines) bond distances are in the range of 2.115 (5) (Table 3) . These values are well within the general trend with those found in the cis-forms of other tetraaza macrocyclic complexes of Cr(III). 26 An accepted fact is that in cis octahedral complexes of macrocycles of medium size (12-14 membered rings) the pattern of metalligand distance and the angle between the axial donors and the metal center are particularly affected by the cavity size. 31,32 Under this situation, the self-organization seems to make the structure 2 more stable by the hydrogen bonding interaction, in which the carboxylate oxygen O(1) of p-chlorobenzoate anion is coordinated to the central Cr(III) and O(2) is Hbonded with H(4) to form a six-membered ring.
Table 2. Selected bond lengths (Å) for cis-[Cr([14]-decane)-(cbz)2]ClO4
Cr (1) (4) 1.964 (4) 2.115 (5) 2.118(5) 1.232 (7) 1.297 (7) 2.721 (7) Cr (1) (2) 1.973 (4) 2.140(5) 2.131 (5) 1.238 (7) 1.288 (7) 2.791(7) (2) 153.5(2) (2) 145.6 (2) Electronic Absorption Spectra. The absorption spectra of cis-[Cr( [14] -decane)(bz) 2 ] + complex ion in DMF solution at room temperature is represented in Figure 2 . A 2g → 4 T 1g , respectively. The assignment of geometric configuration is confirmed by the d-d absorption spectra. The less symmetrical cis-isomers have much higher extinction coefficients than those of more symmetrical trans-isomers. 34 Chromium complexes in tetragonal symmetry are expected to have four absorption bands in the d-d region, but each spectrum apparently has two major components. Thus, we and then added a minor component to reproduce the more suitable shape of the spectra in the region of interest. Finally, we performed least-squares fitting procedures, and the dotted lines in Figure 2 are Gaussian bands representing the approximate deconvolution of the spectra yielded by the calculations. , respectively, and are common to two complexes. 38, 39 (2) In the title complexes, bands due to νas (COO ), indicating that the auxiliary ligands in the Cr(III) complexes are not dissociated from the complex in these polar solvents. 42 In the FAB mass spectra of [Cr( [14] 
